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REAMING EXPERIMENTS FOR THE LETHALITY ws~

David Hooten and Patrick Stanley
Los Alamcs National Laboratory
PO, Box 1663, Mall Stop G7r37

Los Alamos, NM 8?545

Abstract.—

Various reaming techniques were tried for
use on the barrel of the Lethality Test System
railgun. This report covers the successes Jnd
failures of the reamers and the techniques that were
tried.

introduction..-— .—-—

The Lethallty Test System (LTS) was funded
as part of the strategic defense initiative (SDI)
program, The LTS was a rallgun project whose goal
was to provide Impact data at velocities up to 15
km/s. The n~minal bore diameter of the railgun
barrel is 1 in., and the length is 72 ft. The

cofnple~i ties of constructing a successful railgun
barrel for such an appllcat~on requires that we have
th~ capability to tir,ish the bore in-place. The
combination of bore size and barrel length, and the
differences in the properties of copper and Lexan
brsrematerial!s required that new bore-f irtlshing
methodologies be developed.

In the LTS reamer tests, two types of
reamers ware used: the first was a slx-hladed
catbide reamar, and the second was a single-point
carbide reamer. All of the tests were made on a
10-foot test bore, Many tool geometries and machine
parameters were tested. This report covers only the
slgnifica:lt aspects of the reaming and the important
Iessot!s Ieafned.

pr~vlous Fxperl~nce and,Present Goal

Provlous fcam[ng on LTS prototypes up to
6 ft long had been done with high-speed stocl,
51X flulod, shel I reamprs. Nolthef the provlouq
pricess nor the r~amorJ pefformed as **II as cteslrfrrf,
the fullowlng problems were evldert:
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built a new power drive wtth electric motors and
variable speed belt drives The spindle motor was
5HP, with a var,able speed of 240 to 1600 rpm, The
slide motor was .3 HP An electronic s;)eed control
that W,IS added t,> the motor cjavc us a feed ranqe of

O to 20 In /mln,

We purchased slx.-bladed carbide reamers,
which we honed would wear better and cut cleaner.
These reamers had a negative fake of 10 deg. The
purchase Includrd rear pttots of various sizes, *h
were to be used at dlffcrcnt bore diameters. The
drive shaftinq attached at the fronts of the reame
by way of a sli~ joint locked with set screws, The
errtlre assembly, reamer, pilot, and df,ve shaft, IS
shown in Fig, 1.

ch

s

Fig, 1 SIX bladed re,~mer with rear p[lot wd fronl
drive sh<lfl,

Rccauso no i)rovlclorl w49 mado tu suppc:t the
sh,lft In the bore, wo had to turn down ono ond of each
Sflafl , near tho joint, to 0,5 in, In dlamotcr ,I(d to
make shaft supports th;lt would Slip onto this section
The shaft with the support IS shown In Fig. 2, These
fihisft supper ts wern mndc In our shop from ‘narAglng
!itecl. ThoY wert! h~rdcnod tu about 54 Nochwell for
“;pr Ing s t rorlqth rho shAft tufrls nsldr; tho support,
and the supper I {IOI;S I){)t rot,tto whIlo t)olng pulled
through ttln b~jrrj ~al~,jlat,~r,g stlnwpIj that L! siuppnrt

wa!; nfrf]dod ovory 3 ft on tho shafting, othorwise
excossivo SOggInq woul(j uccljr brrtwooq supports,

ciiu.sing vlt)ratlon In the drlvo shaft This support
fnothod 1 Imltqj tho Ionqth of tho shaft snymeflts to
3 f t tjr!c,iij:lfj Ihrr s(jppr; r tn Il;l(! to t)o p Ilicrlrf 01) 0!11! f!nd

of thl! 5hJft
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Fig. 2. Shaft support on the end of the 3-ft shaft
joint,

Fig. 3, Single-polfit reamer with stub shaft.

The co+npleted system requires Ihat Iha
reamer orive, bore, and pilot tube be allgned on
axis, and we had a 30X leveling scope for Ihls
purpose. Clea( plastic slugs were made to lit the
bore diameters and scribed with J cross half for use
as targets.

Two slnglepolnt carbide rgaming Ioola were
ordered for evaluation. These tools ware modified so
that they could be connected 10 the same drive shaft
that was used with the slx-bladed r~amers. Figure 3
shows the single.Point raamlng tool.

Sy3tom, Perforrnan.cg

Thim section discusses the performance of
the individual component of the roaming system and
describes the dlffarent machining techniques that
were tried.

Power Drive

Although the speed range of the spindle was
240 to 1600 rpm, the spindle drive put limitations on

us . It would not deliver enough power. When we
tightened down the clearances on the reamer pilots,
the spindle drive belt would slip. Although thare
was ● 5-HP smtor on the epindle, we needed at least a
7.5 HPmotor *ith an adequate drive system to do the
job better.

Another problem that limited the rotational
drive capability of the system was tho strength of
the shafting. The 5/tl-in. slip-joint shafting twisted
at the joints becauso of weaknesses at those polnls
and had to be replaced. The replacement shaflino was
made Up in the shop frmn a 5/8-in. dri II rod and was
simply threaded at the unions, Although this shafting
was better than the orlglnal shalt lng. it still was
not strong enough at the joint. A 3/4-in, shaitlng
with threaded joints would be more desirab!e. 1 h~
threaded joint worked bettef bu~ause It did no: come
loose during reaming as the orlglnal shafting did.

Six-bladed Carbide Reamers— .— .——.-— . .

The grinding speci
Fig. 4, It was recommended
pilot clearance frcm O.~5
feed rate of 16 ipm at a ro’
These recomendatlons were

icatlons are shown in
that we use a reamer to
in. to 0,001 in. and a
ational speed of 800 rpm.
ollowed as a starting

point but produced vary pcor results, The surface
finish was very poor, the bore was scored by chips
being caught in the reamer and tna copper was being
smeared into the Lexan at the senm, causing hc.lvy
damage to the seam.

Reaming tests wer~ conducted with those
tools to find the best t~ol geommtry ano cutting
parameters An improvement was made by changing the
tool geometry Irmn a 45-degree front lead to a
15..degrer !ront lead, with a clearnnce angle of
3 degr~es rather than 10 degrees. The optimum fe~wi
rale and spindle speed were found to be 4 IpM at 500
rpm. A ccntinual problem during these Iests was that
the pilot !ocked up In the bore. To correct this
problem we ground the reamers to 0,003 to 0.N4 In.
over the pilot diameter to ptovide adequate pilot
clearance Ir Iho rough bore. Whr,l these lmprovcmt?nts
were made, we felt that we were gettil}g the b~et
results p~oeible WI II thesa reamer~, but ctllps welt
still getting caughl In the reamer and the copper WAS
still pulling into tho Lexan.

Results from these teets i~dica!~ that those
reamers did Illtle to otraiglltcn lhe 00IJS. We
meaaured a 13,00?3..ln, bow in 3G in. of bore. lhls

L_YQ___l
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was largely the result of our system limitations for
these tests. The alignment system for starting the
reammrs into the bord was inadequate, and we could
not drive the reamer with enough power to al IOW
adequate reduction of pilot clearance One of the
Ilmi!at ions the reamers imposed was Ihat they would
not cut the Lexan cleanly. This also restricted the
pilot clearance. The copper cut within 0.0005 in. of
the nominal diameter, but the Lexan cut 0.0015 in.
small on the diameter.

lhe six-blajed design with Ike spiraled
coolant flutes through the pilot IS Ihe best one for
dxing initial passes through the bore. The multiple

blades and the spiraled pilot are the best at handling
the clean-up job through the mlsm~lched rails The

drawbacks of Ihc tool are (1) Ihat the negative rake
of the tool does not cut cleanly, (2) the tools tveJf

quickly. (3) the Iolnt between the renmer and pilot
is not precise, and IS hard to keep tight, and (4)
chips get caught in the re~mer.

In an attempt to purchase a better pcrform!ng
reamer , we located a slnglti point carbtdd horlng tool
that IS quite different from commonly user! reamers.
This tool is shown In Fig. 3 It solves many of the
problems we experienced with the six-bladed re~mers,
but the standard design purchased leaves some room
fur Improvement for usc In rallgun bores. The re~mtrr,
pictured In Fig. 3, h~s been modl fled slightly from
Its original configuration The front end WJS ground
down because chips ticrc ycttlng cilught In this area,
and the wear pads were ground b~ck by 0,125 In.
because they were draqglng In the cut

The single-point Insert design of this tool
required no grinding to size, and the cutter body and
pilot are one piece. This tool design s~ves a lot of
time and eliminates tha troublesome joints. The

cutting action is also qulto different from that 01 a
fluted reamer. The fluted reamer is designrrd to cut
at the front or Ieadlng edge, but the %inglo-point
tool cuts n’ure at Iha circumference of tha insert,
The inserts that werg usrd hnve a I?dcgrcr! po:;ltivc
rake angle and they could cut 10 It Of boro with
little sign of tool wear. This tool IS cap.~blc of

making a very clean cut, Icnving an alm,]sl mirror
finish on the copper, and of cutting tho Lcxan clc~nly
without pushing it back, Consequently, lho hero
diameter measured within I0,000LI In, of nomln.tl for
both the copper and the L6~4n. Fl!luro 5 IS a photo
of the rall!s after Ihey worn Iinlshrhl WII!I the singlw
point reamer.

Straightness measuramerts indicated that the
straightness was not improved from the previous pass
made with the six-bladed reamer. This Is, unfortu-
nately, the only aspect of the bore that could not be
improved with this tool A longer pilot body with
less clearance would be required to Straighten the
bore. More power and better alignment for starfing
into the bore would also be required. With the cur-
rent system, a pilot clearance of 0,001 to 0.032 In.
IS requl red to prevent the reamer from locking Up In
the bore, This clearance is less than thal required
for the six-bladcd reamer because the Lesan cut to
the same S.lze as the copper.

(he fault in the single-potnt tool; is the
use of straight wear ptsds. The slralght wear p~ds
h,mner and chatter in a rouqh bore becau~e the
straight edge hits Ihe rail Joint abruptl:
problem can be e!lmlnated by first using
reamers to rough machine the bore,

Coolants and_coolant Sysfern

The coolant u“ed and the way It
can have an ●ffect on the bore finish tha
Iained. Tho best coolant we found for thl

Th,s
he flu

s apEl
is ob
Job I:

ed

ed

a
synthetic water-soluble coolan! that IS reconsnended
for use with copper and Lexan and is free of hydro
carbons so thdt it will not cause any off-gas prob
Iems when the bole is put under a vacuum. A 20:1 mll

of Ibis coolant In water worked very well. For all
of the re;imlng, the coolanl system wds set up to pro
vldc the
r~n frnm
Ihrough
reamer

hope of
nor,e cou

manirnum flow rate of t2 gpm, and Ihc pre~surc
103 to lW psi. The coolant was flowed

Ite bore In the direction of travel of Ihc

Stveral other coolants were tried in the
inding one with a much higher viscosity, but
d be found that would eatisfy all of the

raquiremnn!s. Such a coolant would c~?ry the chips
b~tter and give better lubrication and flotnt ion to
the reamer pliol,

Corlclusions

The Previous Experlunca section of this
report Ii.,/ad seven problems that had buun idantl fiert
mld naudnd to be corrected. Under Presenl Goals, wo
Ilsted four specifications, Wc ware able to satis.
factoriiy correct six of the seven problems and to

mont threu of the four spoclflcatlons that wore our
goals, Ihe zpeciflcat ions for hole sI~u, roundnoss,
and surfacrs finish were all excr!arfed by a wide mnryin.
Ihe size 01 the bore was machined within +0,0003 III,,
and thouqll true roundness of thr! h~le cwld not brr
measured with our equipment, the diarnnter measuremantu
Ihal were laken are evidence that tho roundness of
Ihe born IS also within 10.0003 in. rho surface
finish was vlaually inspected. It was obviously far
hatter thin a 3? lWS finish, Tho sirlgle point ~ttnminti
Iool left tho surfaco wlt,l an itlmosl mirror flnlsh
This sarnpie in Fig. 5 shows some burnlshinu In ttlc
copper surfnce, but otherwistt II IS n Uood cxnmpln of
what CiSII tu tsccompllshfd with lhn sirl!]lo point 1001

(h{! OIIly spociflcmt ion lh.tl CIIIIIII 1101 lwI mrrl
with lhrr Hilqln point rn;lmin!t myllwn *.in Ihr! ntt.llqht
110:1s S}lrr(, ificaliun, Ihxl fll Iqnmvnl nv.ilvrn WJV thnhtq
flrrstCotlttltwtr)r to this I)rt)l)lwn, ,lIIIt II 1:1 thI! flrnt
tllillq, qivrn the t imo ,Intf molwv , Ill,lf II I! III I,; Ii) III!
(: Ill 11, {,11!(1 A Iilrqwr !:II III III!! Itflvll ,111,1 ,Lll,lll,ll!l Ill IJl~
.;IIJI I wIi IIld III! tht! rlvEt Imfllt]vvmt!llli III II!. IAI! to 1110
I v,unlnq :Iy I,t 1:111 With thl$!mo (:!llllll, 11., !1,), Io.lml’fi With
Il}llql!l pll,, tv [01,1,1 1),! 1,,[) wlltl 1,(1),1,1, ,1, IJIJ!I,,!.; t,,



●chieve the desired straightness. 9oth the six-bladed
●~d the single-point carbide reamers have advantages.
A hybrid of the two designs may be the best tool for
the job.

From our experiences in testing these
machines, we learned important lessons about success-
fully reaming a railgun bore. Thamora passes that
are made during reaming, the better the chances will
be of producing a good bore. This means that more
material has to be left for rmnoval tha,l was pre-
viously thought. At least 0.100 in, on the diameter
of the bore IS required, and even more would be
advisable to allow for multiple passes to be made.
In this way, we can gradually bring the bore into
tolera,lce. The reaming !ests were done In bores that
had crooks of up to 0,030 in. per foot, and normally,
6.010 tO 0.020 In. would be cut from the diameter in
o~e pass. As the numbers indicate, sevr?ral passes
are required to straighten a crook 01 ttIIs size. lhe
reamer must be allowed to follow the curw.]turr of the
bore, to some extenl. At certain Iocnllons In the
bore, the reamer may cut into one sIdc ~nd not IJ4C
out a full diameter cut, When this occurs, fhc renmer

will chattrr and leave a very poor flnlsh, 10 avoid
excessive damage to the bore, it is best to back the
reamer out and start through Ihe bore aga]n with a
tool , such as the six-bladed reamer, that IS 0.010 to
0,020 in. larger, until a full diameter cut can bc
maintained through the bore, This will result In a
fairly clean bore th~t can be flnlsh mJchirred wi!h
tha single-point tool,

This report
work sponsored by an
Government. Neither

Disclaimer

was prepared as an account of
agency of the United States
the United States Government Ior

any agency thereof, nor any of their employees, makes
anY warranty, express or implied, or assumes any legal

Ilability or responsibility for the accuracy, complete-
ness, or usefulness of any in!ormatiorr, apparatus,
product, or process disclosed, or represents that its
use would not Infringe privately owned rights.
Reference herein to any specific commercial product,
process, or service by trade name, tracsmark, manu-
facturer, or otherwise, does not necessarily constitute

or imply its endorsement, reconvncndatlon, or favoring
by the United Stsres Governmer,t or any agency thereof,
The views and optnions of autnors expressed herein do
not necessarily state or refltrct those of the United
Slates Government or any agency thereof.


